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Abstract - This paper presents a design of Folded Cascode
operational amplifier with power optimization using
Geometric Programming. Operational Amplifiers are the
backbone for many analog circuit designs. The architecture
of folded-cascode op-amp is commonly used in many analog
applications. The cascode arrangement has high open-loop
voltage gain in low frequency range that makes it easy to be
designed as a high-speed operational amplifier. The basic
idea of the folded-cascode opamp is to apply cascode opamp
transistors to the input differential pair.

In this study, the main concepts of power optimization
using geometric programming are introduced. Geometric
Programming, a method for optimizing and automating
component and transistor sizing will apply to the power
optimization of Folded Cascode operational amplifier. The
simulation of the folded cascode circuit is done using TSPICE
simulation tool and 0.035 μm CMOS technology is used.
Design of the circuit and simulation results are presented
demonstrating the amplifier power optimization.

Key Words - Folded Cascode Op-Amp, Tanner Tool Ver-
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I. INTRODUCTION

Operational amplifier is fundamental building blocks for
many circuit designs for utilize its high gain, high input
impedance, high bandwidth and fast settling time.
Operational Amplifier is one of the basic and important
circuits which have a wide application in several analog
circuits such as switched-capacitor filters, algorithm
pipelined and sigma-delta A/D converters, sample and
hold amplifiers etc. The speed and accuracy of these
circuits depend on the bandwidth and the DC gain of the
Op-Amp. Larger the bandwidth and gain, higher the speed
and accuracy of the amplifier. Operational amplfiers are a
critical element in analog sample-data circuits, such as SC
filters, modulators. Applications of the high speed op-amp
range from video amplifiers to sampling circuits. There are
many different topologies that can be considered for
design. Four of the most relevant methods are compared in
Table 1.1.

Topology Gain Output
Swing

Speed Power
Consum

ption
Telescopic
Cascode

Medium Medium Highest Lowest

Folded
Cascode

Medium Medium High Medium

Two Stage High Highest Low Medium

Regulated
Cascode

High Medium Medium High

Table 1.1 Performance of four different topologies

From the above table it is clearly visible that telescopic
and folded cascode op-amp are best suited for high speed
application although the gain provided by them is medium.
In order to alleviate the drawbacks of telescopic cascode
op amps, namely, limited output swings and difficulty in
shorting the input and output, a folded cascode op-amp is
desired for design. In this paper we introduced a new
method, geometric programming, for determining the
component values and transistor dimensions for CMOS
op-amps. The method handles a wide variety of
specifications and constraints, is extremely fast, and results
in globally optimal designs.

This paper is organized in the following manner.
Second, Methodology, the considerations about topology
are presented. Third, we describe geometric programming,
for circuit sizing and optimization. Fourth, we present
simulation results which verify that our design meets the
specifications over process corners. Finally, we conclude
with a summary discussion of our design.

II. METHODOLOGY

The folded cascode operational amplifier implemented
has three stages.

1) Differential Input Stage
2) Folded Cascode Load Stage
3) Output Stage

There are variety of structures available for all of the
above three mentioned stages, each have some advantages
and some disadvantages of its own. While designing the
operational amplifier meticulous choice of these
configurations is essential for proper functioning of
amplifiers. In this project following circuit topology is
selected for the design. The circuit schematic of
differential amplifier with cascade arrangement is shown
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in fig.1 and the schematic of folded cascode op-amp is
shown in fig.2.

Fig. 1 Differential amplifier with cascade arrangement

Fig.2. Folded Cascode operational amplifier

A simple MOS differential amplifier comprising an
nMOS differential pair, a simple current mirror, and two
pairs of pMOS transistors in a circuit arrangement called a
folded cascode.
• M12 and M11 form a simple current mirror which

provides the bias current Ibias to the transistor M1

and M2.
• M1 and M3 form a simple amplifier similarly M2

and M4 form a simple amplifier.
• The cascade arrangement of two amplifier forms

a cascode amplifier which is shown in circuit.
• Transistors M5 and M6 act as cascode transistors,

pinning the source of transistors M1 and M2.
Transistors M3 and M4 act as current sources,
providing a pivot point for folding over the
differential-pair output currents, whence the
name of the circuit.

The work is carried out in a following way:
1] Topology selection as shown in fig.2.
2] Design of current mirror circuit and observation of

simulation result.
3] Design of differential amplifier circuit with cascade

arrangement and observation of simulation result.
4] Design and simulate folded cascode operational

amplifier circuit and calculated the circuit power.
5] The proposed work will consist of power

optimization of folded cascode operational
amplifier using geometric programming.

III. GEOMETRIC PROGRAMMING

The circuit topology has been selected, and we choose
appropriate sizes for the gates, transistors, wires, and other
components. In this tutorial we focus on a particular
approach, in which the sizing problem is modeled (at least
approximately) as a geometric program (GP), a special
type of mathematical optimization problem. We refer the
reader to the paper A Tutorial on Geometric Programming
for an introduction to geometric programming. Geometric
programming (GP) is a special type of convex
optimization problem. It has been known and used since
the late 1960s, more recently it has been widely used in
transistor and wire sizing for Elmore delay minimization
in digital circuits.

Let x be a vector (x1,……, xn) of n real, positive
variables. A function f is called a posynomial function of x
if it has the form

f(x1,……,xn) =

where cj and αij R. When there is only one term in
the sum, i.e., t = 1, we call f a monomial function. Note
that posynomials are closed under addition, multiplication,
and nonnegative scaling. Monomials are closed under
multiplication and division.

A geometric program is an optimization problem of the
form

minimize f0(x)
subject to fi(x) , i = 1,……,m,

gi(x) = 1, i = 1,……, p,
xi > 0; i = 1,……,n,

where f0,……,fm are posynomial functions and
g1,……,gp are monomial functions.

If f is a posynomial and g is a monomial, then the
constraint f(x) g(x) can be handled by expressing it as
f(x)/g(x) . In a similar way if g1 and g2 are both
monomial functions, then we can handle the equality
constraint g1(x) = g2(x) by expressing it as g1(x)/g2(x) = 1.
We say that a function h is inverse-posynomial if 1/h is a
posynomial function. If h is an inverse-posynomial and f is
a posynomial, then GP can handle the constraint f(x)
h(x) by expressing it as f(x)(1/h(x)) 1. If h is an inverse-
posynomial, then we can maximize it, by minimizing 1/h.
Inverse-posynomials are closed under products, and also
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parallel combinations: if h and are inverse-posynomial
then so is h|| = 1/(1/h + 1/ ).

IV. TOOLS

A methodology is a collection of methods, techniques,
tools and documentation aids which help the system
developers analyze, design and implement a software
system. This section, describes the methods used to
conduct the research and the fact finding techniques. For
the design consideration we used Tanner tools. Tanner
Tool is a software suite for the design, layout and
verification of analog, mixed-signal, RF and MEMS ICs.
T-Spice helps to integrate our design flow from schematic
capture through simulation and waveform viewing. For the
proposed optimization work MATLAB will used for
geometric programming. MATLAB (matrix laboratory) is
a numerical computing environment allows matrix
manipulations, plotting of functions and data,
implementation of algorithms, creation of user interfaces,
and interfacing with programs written in other languages,
including C, C++, Java, and Fortran.

V. SIMULATION RESULT

This section deploys the simulation results of fig1. and
fig. 2 showing T-Spice specifications.

Fig. 3 Simulation result of Differential amplifier with
cascade arrangement (Fig.1)

The simulation result of Differential amplifier with
cascade arrangement is showing that input ac in mv that
output is amplified.
The T-Spice file specifications are as given below

Following are the simulation result of folded cascode
operational amplifier showing output waveform and power
waveform.

Fig.2. Simulation result of Folded cascode operational
amplifier (Fig.2)

The simulation result of folded cascode operational
amplifier is showing that output is amplified and the
average power calculation of the circuit is 1.007X10-13 that
is 100 fW or 0.1 nW.
The T-Spice file specifications are as given below

VI. CONCLUSION

This paper presents design of the Folded-cascode
operational amplifier using 0.035 μm CMOS technology.
This op amp structure is used for many applications.
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Initially our work describes the design of differential
amplifier with cascade arrangement and then the design of
folded-cascode operational amplifier.  The simulation of
folded cascode op-amp circuit is done using TSPICE
simulation tool and the T-spice parameters are mentioned.
Simulated result shows that this op amp exhibits the
average power is 1.007X10-13 that is 100 fW or 0.1 nW
operating at 100 KHz frequency.

The Geometric Programming is successfully applied and
the optimized average power is obtained 9.0658X10-14 that
is 90 fW or 0.09 nW operating at 100 KHz frequency.
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